Normal pressure hydrocephalus (NPH) is a treatable neurological condition characterized by dementia, gait disturbances, and urinary incontinence. This case study aimed to evaluate the effectiveness of surgical intervention in treating NPH associated with spinal cord tumors. A patient suffering with NPH underwent a spinal tap procedure and surgical resectioning of three neurinomas on the cauda equina. The patient exhibited marked improvement in neurological and motor symptoms related to NPH following surgical intervention. These findings suggest that surgical resectioning of neurinomas is an effective intervention for treating NPH associated with spinal cord tumors.
Introduction
Normal pressure hydrocephalus (NPH) is a potentially treatable condition characterized by dementia, gait disturbance, and urinary incontinence. In rare cases, spinal cord tumors complicate secondary NPH (sNPH), but not idiopathic NPH (iNPH) and exacerbate symptoms. Surgical treatment dramatically improves clinical symptoms. We report a case of sNPH caused by neurinomas on the cauda equina who responded dramatically to surgical resection.
Case History
A 70-year-old man was hospitalized complaining of difficulty walking since 2 years and forgetfulness and urinary urgency for the past 6 months. Walking difficulty was characterized by hesitation in initiating steps, slow gait, and hesitancy when turning. He developed memory disturbance of recent events and urinary incontinence 18 months later. General physiological examinations were normal without café au lait spots. Neurological examination revealed his mini-mental state examination (MMSE) score was 28/30; Hasegawa's dementia scale-revised (HDS-R) score was 24/30; recall was impaired, and reaction time was longer. Motor system examination showed normal tone and power in all limbs, normal deep tendon jerks, and both plantar reflexes were flexor. Gait assessment revealed a wide-based stance; slow, short, and shuffling steps; and inability to raise the feet far off the ground. The patient hesitated when initiating steps, could not continue walking at times, and required cues to take further steps. Abnormal sensations on the peripheral side of extremities below the knee were noted bilaterally. Hematological and biochemical parameters were normal.
He underwent a brain magnetic resonance imaging (MRI) that showed symmetric dilatation of all ventricles (Figure 1) . The sulci were preserved and perihippocampal fissures were normal excluding the possibility of ex vacuo dilatation. There were no significant white matter abnormalities. These findings were seen on T1, T2 weighted and T2 fluid-attenuated inversion recovery images (Figure 2 ). Evans index was 0.38. Lumbar MRI revealed three masses in the L1, L2, and L5 levels.
Initial spinal tap test revealed an opening pressure of 120 cm H 2 O and cytobiochemical examination of the cerebrospinal fluid (CSF) revealed a protein level of 366 mg/dl, glucose level of 70 mg/dl (corresponding blood sugar 126 mg%), and cell count of <5, all of which were lymphocytes. Next, 20 ml of CSF was drained. Pre-and posttest assessment of gait and cognitive functions were performed after 1 h and repeated thrice hourly for 12 h revealing marked improvement in gait. Stride length increased, number of steps to walk a fixed distance decreased, there was no hesitation initiating steps, and less difficulty turning. Subsequently, over the next few weeks, his daily activity performance also improved. His routine actions became more fluid. Although repeat MMSE showed no improvement, reaction time improved.
Iophendylate myelography via a lumbar puncture revealed complete obstruction at L1. He thus underwent resection of spinal cord tumors (diameters were 1.5, 1.0, and 0.8 cm). Pathological findings indicated that all 3 were neurinomas. Postoperatively, the patient scored 14 s and 20 steps on the 3 m timed up and go test (compared to 15 s and 24 steps preoperatively), HDS-R score improved to 28/30 and MMSE score remained stable at 28/30. Brain MRI taken 3 months postoperatively did not show any changes. Urinary incontinence disappeared completely, while abnormal sensations of the lower limbs persisted. 
Discussion
NPH is characterized by 3 typical symptoms; gait disturbance, urinary disturbance, and memory impairment [1] . Gait disturbance is the most common symptom and first to appear. In NPH, disproportionate dilatation of cerebral ventricles is observed that may be caused by a CSF absorption defect and elevated CSF outflow resistance, which explains some pathophysiological aspects. NPH is divided into iNPH and sNPH [2] . The characteristics of iNPH are old age at onset, presence of the 3 typical NPH symptoms, Evans index >0.3, CSF pressure <200 mm H 2 O, and normal CSF content. In contrast, sNPH involves obstructive hydrocephalus caused by spinal cord tumors, acute meningitis, subarachnoid hemorrhage, or head injury [3] . sNPH and iNPH show similar features, including the typical NPH symptoms and characteristic brain MRIs. Because the CSF protein level of our patient was elevated, his characteristics are more reminiscent of sNPH. Previous reports show that spinal cord tumors can be associated with NPH [4] [5] [6] [7] [8] [9] . Hyperviscosity in cases with elevated CSF proteins produced by spinal cord tumors may cause obstructive hydrocephalus.
The exact percentage of spinal neurinoma patients, who develop NPH although unknown, seems to be low. We summarized the previously reported cases of neurinoma with hydrocephalus in Table 1 [4] [5] [7] [8] [9] [10] . Middle-age, female gender, and high CSF protein levels are risk factors of sNPH with spinal neurinoma. In our case, surgical intervention resulted in dramatic amelioration of symptoms. These findings should be taken into account when deciding on the course of treatment for sNPH associated with spinal cord tumors.
The mechanisms of sNPH associated with spinal cord tumors are controversial. The proposed mechanisms include: 1) Impaired CSF outflow caused by spinal tumors [11] ; 2) Hyperviscosity and decreased absorption of CSF caused by elevated CSF protein levels [12] ; and 3) Nonbacterial arachnoiditis resulting from elevated CSF protein levels [13] . CSF protein levels vary widely in each patient. Thus, it would seem that these values may not directly determine clinical outcome. Importantly, our patient exhibited improved gait not only after surgery, but also after the tap test. This suggests that sNPH may not be caused only by high CSF viscosity. In addition, some neurotoxic molecules, which tumors produce, may increase or impair neurotransmission. Leucine-rich alpha-2-glycoprotein was elevated in the CSF of iNPH patients [14] . sNPH cases may also have neurotoxic substances produced by tumors. Finally, simply resecting spinal tumors may improve CSF circulation in sNPH patients. It has been postulated that important absorption mechanisms of CSF may exist in the lower levels of the spinal cord. 
Conclusion
Spinal cord tumors could be one of the factors causing dementia in sNPH. Because surgical removal of tumors improved dementia and other symptoms, treatments that target spinal cord tumors should be more carefully considered. However, further studies addressing the efficacy of surgical treatment for NPH associated with spinal cord tumors are warranted.
